Purpose. This study was designed to evaluate the outcome of patients with uterine carcinosarcoma undergoing sentinel lymph node (SLN) mapping. Methods. A prospectively maintained database was reviewed for all women with uterine cancer treated at our institution from January 1, 1998 to August 31, 2014. Patients were grouped based on whether they had undergone SLN mapping or routine lymphadenectomy at the time of staging. SLN evaluation was performed according to a standard institutional protocol that incorporates a surgical algorithm and pathologic ultrastaging. Results. We identified 136 patients with uterine carcinosarcoma who had undergone lymph node evaluation; 48 had surgical staging with SLN mapping and 88 had routine lymphadenectomy consisting of pelvic and/or para-aortic lymph node dissection. Conclusions. Progression-free survival in women with uterine carcinosarcoma undergoing SLN mapping with adjuvant therapy appears similar to that of patients treated before the incorporation of the SLN protocol. Additional prospective studies with longer follow-up are necessary to validate these early results.
ABSTRACT
Purpose. This study was designed to evaluate the outcome of patients with uterine carcinosarcoma undergoing sentinel lymph node (SLN) mapping. Methods. A prospectively maintained database was reviewed for all women with uterine cancer treated at our institution from January 1, 1998 to August 31, 2014. Patients were grouped based on whether they had undergone SLN mapping or routine lymphadenectomy at the time of staging. SLN evaluation was performed according to a standard institutional protocol that incorporates a surgical algorithm and pathologic ultrastaging. Results. We identified 136 patients with uterine carcinosarcoma who had undergone lymph node evaluation; 48 had surgical staging with SLN mapping and 88 had routine lymphadenectomy consisting of pelvic and/or para-aortic lymph node dissection. Stage distribution for the SLN group included: stage I, 31 (65 %); stage II, 1 (2 %); stage III, 11 (23 % Conclusions. Progression-free survival in women with uterine carcinosarcoma undergoing SLN mapping with adjuvant therapy appears similar to that of patients treated before the incorporation of the SLN protocol. Additional prospective studies with longer follow-up are necessary to validate these early results.
Uterine carcinosarcomas are histologically aggressive cancers comprising approximately 4 % of all uterine neoplasms at an annual incidence of less than 2 per 100,000 women. Outcomes for patients with this histology are poor, with higher rates of recurrence and mortality than those of other high-grade endometrial cancers. 1 Efforts to better elucidate prognostic factors in patients with uterine carcinosarcoma have been variable. FIGO stage is considered the most important prognostic factor for survival, followed by other factors, such as myometrial invasion, lymphovascular space invasion (LVSI), lymph node metastasis, and adnexal spread. [2] [3] [4] [5] [6] Surgery is the standard initial management of these tumors and includes total hysterectomy, bilateral salpingooophorectomy (BSO), evaluation of lymph nodes, and collection of pelvic washings. Traditional staging via lymphadenectomy for uterine cancers involves the removal of pelvic and para-aortic lymph nodes, which has been associated with increased morbidity including lower extremity lymphedema and lymphocyst formation. [7] [8] [9] [10] Recently, however, sentinel lymph node (SLN) mapping has gained greater attention. 11, 12 While its role in endometrial cancer remains undetermined, a significant amount of literature has accrued testifying to the benefit it may provide patients through equivalent detection of metastatic disease with lesser morbidity than standard lymphadenectomy. [11] [12] [13] [14] SLN mapping has been largely evaluated in low-grade, endometrioid-type endometrial cancers. 13, 14 There are little to no data specific to uterine carcinosarcomas. Our study sought to determine the role of sentinel lymph node mapping in uterine carcinosarcoma. Our objective was to analyze survival outcomes between patients undergoing surgical staging with an SLN mapping algorithm compared with those who were surgically staged without an SLN algorithm.
METHODS
We reviewed the records of all patients who underwent surgical staging for uterine carcinosarcoma at our institution from January 1998 through August 2014. Surgical staging included total hysterectomy through laparotomy or laparoscopy, with or without the use of the robotic platform, removal of adnexa, and lymph node evaluation via standard lymphadenectomy or SLN mapping and biopsy. Choice of lymphadenectomy or SLN algorithm was at the discretion of the surgeon. Expert gynecologic pathology review was performed for all cases.
SLN mapping was performed according to our previously published standard institutional protocol. 11 Patients typically had 4 cc of either blue dye with or without radiocolloid or indocyanine green (ICG) injected into the cervix at the 3 and 9 o'clock positions at the time of examination under anesthesia. Although dye and/or tracer method was at the discretion of the attending physician, most recent cases utilized ICG alone given superior rates of detection as published in the literature. 15, 16 Entry into the retroperitoneum at the time of surgery was followed by the localization of dye-filled lymphatic channels extending from the parametria to the primary nodal basins. Pathologic analysis included ultrastaging of all SLNs in 5-lm sections at each of 2 levels 50-lm apart if the initial hematoxylin and eosin (H&E) sections were negative. This entailed routine H&E staining, as well as the anticytokeratin AE1:AE3 (Ventana Medical Systems, Inc., Tucson, AZ) immunohistochemical staining of all positive nodes. SLNs could be denoted as positive on the basis of either method of staining, with macro-and micrometastases, as well as isolated tumor cells, constituting a positive SLN.
As previously described, our institutional SLN algorithm includes peritoneal and serosal evaluation and washings followed by retroperitoneal evaluation with excision of all mapped SLNs as well as lymph nodes suspicious for disease. Completion lymphadenectomy was not performed for all cases unless as indicated by the algorithm and intraoperative assessment of lymph nodes was not routinely performed. In cases where a failure in mapping was noted on a hemipelvis, a side-specific lymphadenectomy was performed, with further para-aortic dissection completed at the discretion of the attending surgeon.
Clinicopathologic variables were reviewed for each patient. Successful mapping was described as detection of at least one visible colored unilateral node after injection of dye. Adjuvant therapy, when received, was assessed using a landmark analysis at 8 weeks postoperatively. A combination of chemotherapy and radiation therapy is typically offered to patients at our institution with both early-and advanced-stage disease, although final decisions on adjuvant therapy were at the discretion of patients and their primary providers. Follow-up for disease recurrence was conducted through routine office visits, surveillance imaging, and monitoring of tumor markers when appropriate and thus documented. Patterns of recurrence were separated into pure vaginal, pelvic, pure nodal, and distant/multifocal type of spread.
Association tests were performed using the Wilcoxon rank-sum test for continuous variables and Fisher's exact test for categorical variables. Progression-free survival (PFS) was calculated from the surgery date to the recurrence date, death date, or last follow-up date. Median PFS and the 3-year PFS rate were obtained through the Kaplan-Meier method. In univariate PFS analyses, the p values for categorical variables were obtained through the log-rank test, and the p values for continuous variables were obtained through a Cox proportional hazards model. A Cox proportional hazards model also was used for building the bivariate model with lymph node technique and stage.
RESULTS
A total of 136 patients with carcinosarcoma were identified between 1998 and 2014. Our final analysis included 88 patients in the standard lymphadenectomy non-SLN cohort and 48 in the SLN cohort. Of note, 67 of 88 (76 %) patients in the non-SLN group had their surgery performed before the year 2009 versus 3 of 48 (6 %) patients in the SLN group.
Demographics for all 136 patients are summarized in Table 1 . Median age was 69 years for the SLN group and 66 years for the non-SLN group (p = 0.09). Median body mass index (BMI) was 28.7 and 28.2 kg/m 2 for the SLN and non-SLN groups, respectively (p = 0.7). Racial distributions also were similar and predominantly white (77 % vs. 78 %; p = 0.9). Stage distribution in the SLN group was as follows: stage I/II, 32 patients (67 %); stage III, 11 (23 %); and stage IV, 5 (10 %). Stage distribution in the non-SLN group was as follows: stage I/II, 52 patients (59 %); stage III, 19 (22 %); and stage IV, 17 (19 %) (p = 0.4). Myometrial invasion greater than 50 % was noted in 12 (25 %) of 48 and 34 (39 %) of 88 patients, respectively (p = 0.1). Similar rates of LVSI also were seen in both groups (p = 1).
SLNs were identified in 40 (83 %) of the 48 patients who underwent SLN mapping. Thirty-four patients (85 %) mapped bilaterally, and six (15 %) had unilateral mapping only. Two patients had gross nodal disease noted intraoperatively, although one could possibly consider this gross nodal disease as SLNs, and six patients failed to map. Seven (17.5 %) of 40 patients who mapped had positive SLNs. Of the 48 patients in the SLN cohort, the median number of lymph nodes evaluated was 8 (range 1-55), compared with 19.5 (range 1-50) in the non-SLN group (p B 0.001). Total positive nodes ranged from 0 to 4 for patients undergoing SLN mapping and 0-44 in those undergoing non-SLN standard lymphadenectomy (p = 0.2).
Postoperative therapy was used in 44 (92 %) of 48 patients who underwent SLN mapping and 79 (90 %) of 88 patients who did not (p = 0.1; Table 1 ). Chemotherapy was used for 41 (89 %) of 46 patients in the SLN cohort and 65 (74 %) of 88 patients in the non-SLN group. For patients in the SLN group, this included 28 patients who received chemotherapy with intravaginal radiation therapy (IVRT), three who received chemotherapy with external beam radiation (EBRT), and one patient who received chemotherapy with both IVRT and EBRT. Nine of 46 patients received chemotherapy alone, and 3 of 46 patients received radiation therapy alone. For the non-SLN group, 25 patients received chemotherapy with IVRT, six received chemotherapy with EBRT, and one patient was treated with a combination of all three. Thirty-three patients received chemotherapy alone. Fourteen patients received radiation therapy alone. A breakdown of adjuvant therapy by stage of disease is illustrated in Table 2 . Carboplatin plus paclitaxel was the most commonly administered chemotherapeutic treatment, with 32 (78 %) of 41 SLN and 44 (68 %) of 65 non-SLN patients receiving at least 1 cycle of this regimen.
Sixty-seven patients with carcinosarcoma recurred. This included 20 patients who had undergone SLN mapping and 47 patients who had undergone routine lymphadenectomy. Distant/multifocal disease recurrence was predominant in both groups. The patterns of disease recurrence can be found in Table 3 .
At the time of analysis, 67 patients had recurred and nine patients had died. Median follow-up in the SLN cohort was 16 Fig. 1 ). After excluding 23 patients who were lost to follow-up at 2 years, at the 2-year time point, the PFS rate was 38.7 % for SLN patients and 47.6 % for non-SLN patients (p = 0.5). In a multivariate model, only stage IV disease remained a statistically significant predictor of worsened PFS (compared with stage I/II; HR, 4.41; p B 0.001; Table 5 ).
DISCUSSION
The role of lymphadenectomy in surgical staging for endometrial cancer has come under great scrutiny recently. 10 SLN mapping has been described in the literature as a 12 Results of the study demonstrated an overall SLN detection rate of 85 %, although it is worth noting that this rate improved with time from 78 % during the initial 27 months of the study period to 94 % during the final 15 months. Subsequent studies have shown similar high rates of success with SLN mapping. 17 Our institution currently uses a surgical algorithm to increase the detection rate and decrease the false-negative rate of SLN mapping. In a study of 498 patients during a 6-year period, the use of the surgical SLN algorithm resulted in a decrease in the false-negative rate of SLN mapping from 14.9 to 1.9 %.
11
In general, the majority of the literature investigating the use of lymphadenectomy is limited to a focus on lowgrade, favorable type I endometrial cancers. Our study looked at a cohort entirely made up of high-grade uterine carcinosarcomas and compared the incidence of metastatic nodal disease and survival outcomes between demographically similar groups of patients who had and had not undergone SLN mapping. Despite a longer median followup period for the standard lymphadenectomy arm, we found no statistically significant difference in PFS between the two cohorts. Our findings appear to challenge previously posited theories that removal of more lymph nodes for uterine carcinosarcomas carries some therapeutic benefit to patients. In a 2008 retrospective study using Surveillance, Epidemiology, and End Results (SEER) program data, Nemani and colleagues evaluated the effects of lymphadenectomy on patients with uterine carcinosarcoma. Their findings were notable for an improvement in 5-year survival in patients undergoing lymph node dissection, with a median number of 12 nodes removed at the time of surgical staging compared to those not undergoing lymphadenectomy. 18 However, SEER data are remiss of information regarding adjuvant chemotherapy, thus removing a potential confounder from this data analysis, despite the sensitivity analysis performed to attempt to remove this source of bias. Furthermore, no statistically significant difference was noted in survival between patients with \12 vs. C12 lymph nodes removed, calling into question the idea that improved survival is based on some therapeutic value of lymph node removal. An earlier study from the University of California, Irvine, also suggested that full lymphadenectomy plays a role in survival outcomes for patients with uterine carcinosarcoma. This, however, was largely extrapolated from their finding that 61 % of study patients believed to have uterine-confined disease were found on final pathology to have disease extending beyond the uterine corpus, thereby making this more an issue of adjuvant treatment than simply removal of nodal tissue. 4 More recently, a retrospective study from Naoura and colleagues looking at rates of metastatic disease detected in SLN biopsies in patients with high-risk, early-stage endometrial cancer demonstrated an elevated false-negative rate of 20 % in this patient population. 19 However, this study contained only 26 cases of high-risk endometrial carcinoma confirmed on final pathology, of which the total number of uterine carcinosarcomas was not elucidated. Details on outcome or survival were not discussed.
While accurate staging is undoubtedly important for both the prognostic and adjuvant management of these patients, a full lymphadenectomy may be unnecessary if SLN mapping can provide the same information and guide postoperative treatment accordingly. Our study findings are more consistent with the two randomized trials investigating the therapeutic value of lymphadenectomy for earlystage endometrial cancer. A 2008 Italian study by Panici et al. evaluated 514 patients with stage I endometrial carcinoma who were randomized to pelvic lymphadenectomy versus none. No significant difference was noted in 5-year disease-free or overall survival, despite an obvious improvement in surgical staging of tumors. 20 It is worth noting that patients not randomized to lymphadenectomy were more likely to receive radiation therapy than those who underwent lymph node dissection. The MRC ASTEC trial conducted between 1998 and 2005 also randomized patients with early-stage endometrial cancer to ''standard surgery'' with or without lymphadenectomy. Again, no difference was seen in hazard ratios for recurrence-free or overall survival for these groups. 21 While our study supports the use of SLN mapping with adjuvant therapy for uterine carcinosarcoma, it also has similar shortcomings to the retrospective studies previously mentioned. Although our findings demonstrate no statistically significant difference in type of adjuvant therapy received between our two cohorts, more patients in the SLN group received a combination of chemotherapy with IVRT (68 %) than in the non-SLN group (38 %). This likely represents the change in management between years in which the majority of patients were treated, with the SLN cohort making up the more temporally recent set of patients. However, it is important to note that the only phase III trial evaluating the use of adjuvant radiation therapy in uterine carcinosarcomas demonstrated no difference in survival for early-stage tumors. 22 Retrospective studies also have suggested a greater survival advantage to adjuvant chemotherapy (with or without radiation) to radiation therapy alone. 23, 24 Likewise, it must be mentioned that length of follow-up also was different between the cohorts. Again, this was generally the product of the time frame in which SLN mapping became the standard of care at our institution, with only 6 % of SLN cases occurring prior to 2009. Given these concerns, a comparison analysis of recurrence rates at the 2-year time point also was performed. The analysis demonstrated no statistically significant difference in PFS rates between SLN and standard lymphadenectomy cohorts, although results need to be confirmed by a larger sample size particularly in light of the absolute discrepancies between these rates.
Although the argument for and against SLN mapping continues, our study further contributes to the growing body of evidence that staging evaluation for nodal disease may not require a full lymphadenectomy as traditionally believed. SLN mapping represents an effective middle ground between understaging through omission of lymphadenectomy and overtreating by removal of more normal appearing nodal tissue than is required to obtain an accurate diagnosis. In a retrospective review spanning 12 years at our institution, symptomatic lymphedema was limited to patients who had at minimum 10 lymph nodes removed during surgical staging. 25 This is particularly important for high-risk histologies, such as uterine carcinosarcoma, for which previous literature has advocated extensive lymphadenectomy. 26 Our study posits the notion that SLN mapping with adjuvant therapy in uterine carcinosarcoma may produce similar survival outcomes in those patients who undergo standard staging with adjuvant therapy. Given the early overall experience with SLN mapping in this high-risk histology, however, additional studies incorporating multiple institutions, prospective design, and longer follow-up are needed to confirm these promising results.
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